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Abstract—Incremental clone detection is designed to effi-
ciently find only those clones that cross between a previous
version of a system and a new version in order to update a
previous clone analysis. If we instead use a different system as
the new version, then it can be used to find only those clones
that cross between two different systems. Live scatterplots are a
visualization technique that helps localize clones quickly using
pop-up information directly from points in the scatterplot. In
this paper we explore how these two can be used together to
rapidly expose and analyze similarities between two different
systems at several levels of abstraction. Using the NiCad
incremental clone detector, we find function clones between two
recent versions of Linux and FreeBSD, analyze the nature and
causes of some of these similarities in detail, and compare our
observations with the earlier study of token-sequence clones
between previous versions of these systems using CCFinder
almost a decade ago.
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I. MOTIVATION AND GOALS

It has been almost a decade since Kamiya et al. first ana-

lyzed cloning between Linux and FreeBSD using CCFinder

[19], finding, even at the fine granularity of sequences of 20

or more tokens, very little similarity between them. During

that time both systems have evolved through several releases,

adopted several new technologies, and grown by more than

30% in size. Both the Linux and the FreeBSD development

communities say that this evolution has continued to proceed

independently. It is time that we once again examined the

relationship between these two large and outwardly similar

systems.

Over the last decade, clone detection technology has also

evolved. CCFinder is efficient and scalable in part because

it works lexically, finding language-independent sequences

of tokens in common. Robust parsing technology has now

also evolved to the point that efficiently finding language-

dependent structurally meaningful clones, such as blocks

and functions, is practical at a similarly large scale using

modest computers. NiCad [15] is one such parser-based

clone detection method that has been shown to yield both

high precision and high recall [17] in detecting near-miss

intentional clones. NiCad provides a wide range of options

with which to explore cloning of exact code, renamed code

and structurally similar code with varying gaps quickly and

easily.

Clone analysis has also evolved, and while Kamiya et

al. were able to analyze the dense scatterplots generated by

comparison of Linux with FreeBSD and NetBSD at both a

high level and by individual example using hand analysis, it

is now possible to quickly expose and analyze scatterplots

automatically, using live scatterplots [5] to help uncover the

nature and causes of similar subsystems.

In this first large scale experiment using analysis of cross-

system cloning with live scatterplots, we pose a number of

research questions.

• First, in this new world of open source and sharing, is

it the case that Linux and FreeBSD have adopted any

common subsystems directly from the same source, and

if so, what are they?

• Second, since these systems implement a common pub-

lished interface (the Posix standard for Unix-like sys-

tems), for which many algorithms have been published

in the educational, academic and online literature, is

there any evidence of algorithmic sharing between their

functional algorithms when identifying information is

abstracted away, and if so, which subsystems have such

similarities?

• Third, since these are both implementations of systems

with essentially the same outward interface (again, the

Posix standard), is there any evidence of structural

similarity between their functional algorithms when all

identifying information is stripped away, and if so, to

what extent?

• And finally, is there any evidence that cross-cloning

between the most recent stable versions of these large

systems at the whole function level is any different from

that observed at the token-sequence level by Kamiya et

al. almost ten years ago, or is it still the case that they

exhibit a relatively low level of overall similarity?

In the remainder of this paper we explore each of these

questions by varying clone detection parameters to look for

each kind of similarity separately. In each case, we use

live scatterplots to quickly identify the nature and apparent

causes of observed similarities. We begin with a quick

background on our tools: NiCad and live scatterplots.



II. BACKGROUND

A. The NiCad Clone Detector

We use the NiCad incremental clone detector [6] to

discover cross-system function clones between Linux and

FreeBSD. The NiCad clone detection method [15] has been

shown to yield both high precision and high recall [17] in

detecting near-miss intentional clones at both the function

and block level. NiCad is a hybrid method that combines

language-sensitive parsing with language-independent sim-

ilarity analysis to yield structurally meaningful near-miss

clones.

NiCad involves three main stages, parsing, normalization,
and comparison. In the first stage the input sources are

parsed to extract all syntactic fragments of a given granu-

larity, such as functions or blocks. Each extracted fragment

(“potential clone”) is pretty-printed into a standard textual

form in which spacing and line breaks are normalized and

comments are removed.

In the second stage, a range of plugins can be used to

normalize, filter or abstract extracted fragments before com-

parison. In particular, potential clones can be consistently

renamed to remove differences between identifiers in the

same roles (e.g., replacing same identifiers by Xn), or “blind”

renamed to remove all differences between identifiers (e.g.,

replacing all identifiers by X).

In the final stage, the extracted and normalized fragments

are linewise compared using an LCS (longest common

subsequence) algorithm to detect similar fragments (clones).

The algorithm detects near-miss clones by allowing for

linewise differences up to a given threshold, for example 0.3,

corresponding to up to 30% different lines between potential

clones.

The NiCad tool has two modes - whole system and incre-

mental. In the whole system mode, it detects clones within

a single version of a system or systems. In the incremental

version, it takes two systems, normally a previous version

and a new version of the same system, and reports only

clones that cross between the versions. In this experiment

we use the incremental mode in a novel way, using the most

recent stable release FreeBSD (release 8.1) as the previous

version of the system, and the most recent stable release of

Linux (version 2.6.37) as the new version, in order to expose

clones that cross between these systems.

B. Live Scatterplots

Live Scatterplots is a tool that accepts the output of any

clone detector and automatically renders the clone pairs as

an interactive web page that displays clones as a scatterplot

over the subsystems (directory structure) of the original

source system or systems. The axes are specified as two files

of directory names to be used for the rows and columns

of the plot respectively. These files specify the level of

abstraction to be used. They can be source file names (for

small systems), low level source directories (for mid-sized

systems) or higher-level subsystem directories (for very large

systems). The axes can use the same set of directory names

(if the plot is of clones in a single system) or two different

sets (for clones between two systems). In this experiment,

the Y axis is the directory structure of the sys/ subdirectory

of the FreeBSD 8.1 source, and the X axis is the directory

structure of the linux/ subdirectory of the Linux 2.6.37

source.

Live Scatterplots constructs the scatterplot on these axes

as an HTML table, using cell colour to represent clone

density, where reds represent a high density of clones, greens

fewer, and blues only one or two. It can display either the

entire matrix, or can reduce the axes to include only those

directories which actually contain clones. In either case,

rendering is fast and accurate in modern web browsers.

The thing that makes Live Scatterplots “live” is its

rendering of the scatterplot with pop-up titles associated

with every cell. By simply hovering the mouse over any

particular area in the scatterplot, the browser automatically

displays the pop-up cell title, giving us immediate detailed

information about the corresponding subsystems or clones.

This information is exactly what we are looking for when we

pose the question “what is that?”, and will help us to quickly

understand the nature of the observed cloning between Linux

and FreeBSD.

C. The Systems

In the CCFinder experiment comparing FreeBSD,

NetBSD and Linux for token-sequence clones a decade ago,

versions 4.0 of FreeBSD and 2.4.0 of Linux were compared

with NetBSD 1.5. Since that time, four major revisions (5.0,

6.0, 7.0 and 8.0) and more than twenty releases of FreeBSD

have been released, and its kernel source has grown by a

factor of three, from 1,015,619 C source lines in 4.0 to

2,946,686 lines in the current stable release, 8.1. In the

meantime the Linux kernel has gone through one major

revision (2.6) and fifteen releases, growing by a factor of

four, from 2,366,001 C source lines in 2.4.0 to 10,275,891

lines in the current stable release, 2.6.37. In this study we

analyze C function cross-cloning between the two most

recent stable releases, FreeBSD 8.1 (about 3 million lines)

and Linux 2.6.37 (about 10 million lines).

III. EXPERIMENT 1: EVIDENCE OF COMMON ADOPTION

In the intervening years between the 2002 CCFinder study

and today, the growth of the open source movement has

made a wide range of code publicly available for direct use.

In particular, critical industry standards such as encryption

and security algorithms have been developed and released

as open source, and it is common practice for drivers

for new hardware to be released as open source. In this

environment, it is also the case that programmers more



Figure 1. Raw Live Scatterplot of Linux (X axis) vs FreeBSD (Y axis) exact function clones at the 0.3 near-miss threshold

The very small number of clone points is rendered on a black background with colour cells magnified to ten times normal relative
size to make them visible at this scale. Red cells indicate significant levels of cross-cloning. Rendered in the Safari 5 web browser.

Figure 2. Axis-reduced Live Scatterplot of Linux (X axis) vs FreeBSD (Y axis) exact function clones at the 0.3 near-miss threshold

Live scatterplot pop-ups for hovering over various interesting areas of the plot are shown. (This is a composite over
time, only the pop-up under the mouse pointer appears at any given time.) Rendered in the Safari 5 web browser.



frequently search the web for existing code solutions when

adding new features or interfaces to their code.

It is therefore interesting to ask the question, “have these

systems adopted, traded or borrowed outright any common

code over the years?” In the modern open source scenario,

we might expect that code such as implementations of

industry standards might be directly copied, perhaps with

minor changes, into the systems. To test whether FreeBSD

and Linux have done any such common adoption, in our

first experiment we simply tested whether any code has

been copied verbatim into or between the two systems. This

can be tested using exact clone detection, with a near-miss

threshold to account for gaps due to minor changes.

Figure 1 shows the results of using NiCad incremen-

tal clone detection to find exact function clones between

FreeBSD 8.1 and Linux 2.6.37 at a near-miss threshold of

30%. The first thing we can observe is that the global answer

to the question is “no”. There is essentially no exact common

code at the function level shared between the current Linux

and FreeBSD stable releases. Indeed, on this global scale

showing all source directories, there are virtually no visible

near-miss exact function clones at all unless the few clone

points that do exist are magnified to ten times their relative

size in the live scatterplot.

The second answer to the question is “yes”, there is at

least some evidence of common copied code between these

systems. NiCad reports that 1,261 of the 244,336 functions

in Linux (0.516%) have near-miss exact copies in FreeBSD.

In Figure 2, the scatterplot has been automatically axis-

reduced to only those few source directories that actually

do contain clones. We can see that the common functions

there are between these systems are very highly localized

– there are a small number of regions of dense exact

cloning (indicated by red), and several single function clones

(indicated by green and blue) scattered elsewhere.

By hovering our mouse over the red patches, the live

scatterplot reveals the nature of the subsystems that contain

the densest groups of exactly common functions (Figure 2).

Not surprisingly, almost all of the common adopted code

is in the device driver subsystems of the two systems. We

can see that they share copied DRM code (the wide red

bar on the left), and have adopted the same driver code for

rdmi (Infiniband remote direct access memory), cxgb (the

Chelsio 10 Gb ethernet controller), ixgb (the Intel 10Gb

ethernet controller), aix7xxx (the Adaptec family of disk

controllers), zlib (an open source compression library), xfs

(the SGI XFS file system), and xen, the industry standard

Xen virtualization hypervisor. Live scatterplots make it quick

and easy to find out what these are (and using the same

browser that is displaying the scatterplot, we can Google

their names to yield the more detailed information about

what they mean).

IV. EXPERIMENT 2: EVIDENCE OF ALGORITHMIC

SIMILARITY

If there is very little literally copied common code be-

tween the systems, perhaps it is the case that common code

templates or published open-source algorithms have been

customized to each environment by adapting names to the

particular environment in which is it used in each system.

The question we are asking in this case is “is there evidence

that these systems have adopted or borrowed common code

templates or standard algorithms if we allow for programmer

adaptation of names?”

In this next experiment, we reexamine the systems with

consistent renaming to see if perhaps there is a higher

level of similarity between these operating systems from

an algorithmic point of view. For this purpose we use

consistent renaming as a rough approximation to algorithmic

abstraction. Consistent renaming retains the original role of

all identifiers, but renames them for comparison to standard

names of the form Xn for each occurrence of each same

identifier. This preserves the overall algorithm of the code

fragment, but removes simple naming differences in the

copies.

As in Kamiya et al.’s 2002 CCFinder experiment, we

normalize single statements in if, do, else, for and while
statements to compound blocks to correct for differences in

bracketing style, using a NiCad normalization plugin. Other

normalizations described by Kamiya et al., such as removal

of initialization lists, are possible in NiCad, but unnecessary

since they are already handled by a combination of pretty-

printing (e.g., initializations are pretty-printed to one long

line rather than many) and near-miss matching.

Figure 3 shows a raw scatterplot of the cross-system

function clone pairs reported by incremental NiCad with

normalization and consistent renaming, again at the 0.3 near-

miss threshold level to allow for minor changes in up to 30%

of the individual lines. Surprisingly, while the distribution

of near-miss algorithmic cross-clones is much wider than

exact clones across the systems, there are still very few

to report: only 2,621 functions of Linux (1.07%) appear in

FreeBSD in exact or consistently renamed form at a near-

miss threshold of 0.3. This seems far less that one might

expect if programmers were routinely cut-and-pasting public

example algorithms, so again our first answer to this question

is basically “no”.

The distribution of common consistently renamed func-

tions between the two systems is however consistent with the

hypothesis that programmers are reusing common examples

in their work. The more or less evenly distributed occurrence

of one or two common functions (the blue, green and cyan

points in the right hand two thirds of the live scatterplot of

Figure 3) across the systems certainly indicates some such

use. However, one can ask why there are few on the left

hand side, and so few in the top tenth of the plot. As it



Figure 3. Raw Live Scatterplot of Linux (X axis) vs FreeBSD (Y axis) consistently renamed function clones at the 0.3 near-miss threshold

Rendered with black background and colour cells magnified to ten times normal relative size. While many interesting patterns are
visible, two particular regions with significant amounts of dense cross-cloning are highlighted. Rendered in Safari 5.

Figure 4. Axis-reduced Live Scatterplot of Linux (X axis) vs FreeBSD (Y axis) consistently renamed function clones at the 0.3 near-miss threshold

Although the complete live scatterplot is too large to look at all at once, browser scrolling
and live popups still allow for detailed interactive analysis. Rendered in Safari 5.



turns out, by hovering over those areas we discover that

these are the directories of Linux and FreeBSD associated

with platform dependent low level bootstrap code (arch/ in

Linux and boot/ in FreeBSD), which would be unlikely to

be copied from any common code.

Two quite distinct patterns of dense common functions,

indicated by clusters of red points, one horizontal (indicat-

ing spread across Linux) and one vertical (spread across

FreeBSD) are quite visible in Figure 3 and are highlighted.

Investigating the first (horizontal) one reveals that it is

associated with Linux functions in common with the x86emu

subsystem of FreeBSD (emulation code ported to FreeBSD

and Linux from X11, according to Google), and the second

(vertical) one turns out to be from the DRM code required

for displaying protected video using various graphics cards,

which obviously both systems require. An interesting thing

is that because of the different source code organization

strategies, the first of these is localized in FreeBSD but

spread all over the Linux repository, whereas the second is

localized in Linux but spread over FreeBSD’s source code

directories.

There are other interesting patterns to explore in Figure

3. For example the wide line of low-level cloning from

one subsystem of FreeBSD near the top of the plot that

seems to be cloned widely across all of Linux. Hovering

over the pattern tells us that all of these functions are

in the cddl/contrib/opensolaris/uts/common/ subsystem of

FreeBSD, which a quick web search reveals is the Open

Solaris kernel (UTS = UNIX Time Sharing). In fact these

turn out not to be one thing, but rather a range of sim-

ilarities in functions that both systems have in common

with Open Solaris, including open source compression (zlib)

algorithms, ioctl (disk driver) code, and numerous small

(5-10 line) simple functions. Figure 5 shows the NiCad

incremental clone class report for one of the larger clones

associated with this commonality.

As clone density increases, the scatterplot for larger

systems becomes very large, even in the case of the axis-

reduced and labelled version (Figure 4). An advantage of

working with a browser-based visualization is that it auto-

matically adopts to this situation for us, by providing scroll

bars for both directions, allowing us to explore interesting

patterns in more detail.

There are other smaller patterns visible in Figure 3, but

given the low level of overall algorithmic cloning they

involve it would be misleading to spend much time on them.

V. EXPERIMENT 3: EVIDENCE OF STRUCTURAL

SIMILARITY

Since both of these systems implement essentially the

same outward interface, the Posix standard for Unix-like

systems, even if they have not adopted code or algorithms

from common sources into the systems, one might still

expect that the algorithms used to implement the systems

NiCad Clone Report
System: bsd/8.1-RELEASE - linux/linux-2.6.37 

Granularity: functions-consistent 
Difference threshold: 30% 
Clone size: 5 - 500 lines 

Total functions-consistent: 55381 / 244336 
Clones found: 4047 (6237 fragments, 11119 pairs), in 2190 classes 

LCS compares: 1947015306     CPU time: 7 min 1.160 sec 

Class 153 (3 fragments) - Nominal size 44 lines

Lines 626 - 666 of linux/linux-2.6.37/lib/zlib_deflate/deftree.c.ifdefed

static void scan_tree(
 deflate_state *s,
 ct_data *tree,   /* the tree to be scanned */
 int max_code     /* and its largest code of non zero frequency */
)
{
    int n;                     /* iterates over all tree elements */
    int prevlen = -1;          /* last emitted length */
    int curlen;                /* length of current code */
    int nextlen = tree[0].Len; /* length of next code */
    int count = 0;             /* repeat count of the current code */
    int max_count = 7;         /* max repeat count */
    int min_count = 4;         /* min repeat count */

    if (nextlen == 0) max_count = 138, min_count = 3;
    tree[max_code+1].Len = (ush)0xffff; /* guard */

    for (n = 0; n <= max_code; n++) {
        curlen = nextlen; nextlen = tree[n+1].Len;
        if (++count < max_count && curlen == nextlen) {
            continue;
        } else if (count < min_count) {
            s->bl_tree[curlen].Freq += count;
        } else if (curlen != 0) {
            if (curlen != prevlen) s->bl_tree[curlen].Freq++;
            s->bl_tree[REP_3_6].Freq++;
        } else if (count <= 10) {
            s->bl_tree[REPZ_3_10].Freq++;
        } else {
            s->bl_tree[REPZ_11_138].Freq++;
        }
        count = 0; prevlen = curlen;
        if (nextlen == 0) {
            max_count = 138, min_count = 3;
        } else if (curlen == nextlen) {
            max_count = 6, min_count = 3;
        } else {
            max_count = 7, min_count = 4;
        }
    }
}

Lines 2464 - 2503 of bsd/8.1-RELEASE/src/sys/net/zlib.c.ifdefed

local void scan_tree (s, tree, max_code)
    deflate_state *s;
    ct_data *tree;   /* the tree to be scanned */
    int max_code;    /* and its largest code of non zero frequency */
{
    int n;                     /* iterates over all tree elements */
    int prevlen = -1;          /* last emitted length */
    int curlen;                /* length of current code */
    int nextlen = tree[0].Len; /* length of next code */
    int count = 0;             /* repeat count of the current code */
    int max_count = 7;         /* max repeat count */
    int min_count = 4;         /* min repeat count */

    if (nextlen == 0) max_count = 138, min_count = 3;
    tree[max_code+1].Len = (ush)0xffff; /* guard */

    for (n = 0; n <= max_code; n++) {
        curlen = nextlen; nextlen = tree[n+1].Len;
        if (++count < max_count && curlen == nextlen) {
            continue;
        } else if (count < min_count) {
            s->bl_tree[curlen].Freq += count;
        } else if (curlen != 0) {
            if (curlen != prevlen) s->bl_tree[curlen].Freq++;
            s->bl_tree[REP_3_6].Freq++;
        } else if (count <= 10) {
            s->bl_tree[REPZ_3_10].Freq++;
        } else {
            s->bl_tree[REPZ_11_138].Freq++;
        }
        count = 0; prevlen = curlen;
        if (nextlen == 0) {
            max_count = 138, min_count = 3;
        } else if (curlen == nextlen) {
            max_count = 6, min_count = 3;
        } else {
            max_count = 7, min_count = 4;
        }
    }
}

Lines 707 - 746 of bsd/8.1-
RELEASE/src/sys/cddl/contrib/opensolaris/uts/common/zmod/trees.c.ifdefed

local void scan_tree (s, tree, max_code)
    deflate_state *s;
    ct_data *tree;   /* the tree to be scanned */
    int max_code;    /* and its largest code of non zero frequency */
{
    int n;                     /* iterates over all tree elements */
    int prevlen = -1;          /* last emitted length */
    int curlen;                /* length of current code */
    int nextlen = tree[0].Len; /* length of next code */
    int count = 0;             /* repeat count of the current code */
    int max_count = 7;         /* max repeat count */
    int min_count = 4;         /* min repeat count */

    if (nextlen == 0) max_count = 138, min_count = 3;
    tree[max_code+1].Len = (ush)0xffff; /* guard */

    for (n = 0; n <= max_code; n++) {
        curlen = nextlen; nextlen = tree[n+1].Len;
        if (++count < max_count && curlen == nextlen) {
            continue;
        } else if (count < min_count) {
            s->bl_tree[curlen].Freq += count;
        } else if (curlen != 0) {
            if (curlen != prevlen) s->bl_tree[curlen].Freq++;
            s->bl_tree[REP_3_6].Freq++;
        } else if (count <= 10) {
            s->bl_tree[REPZ_3_10].Freq++;
        } else {
            s->bl_tree[REPZ_11_138].Freq++;
        }
        count = 0; prevlen = curlen;
        if (nextlen == 0) {
            max_count = 138, min_count = 3;
        } else if (curlen == nextlen) {
            max_count = 6, min_count = 3;
        } else {
            max_count = 7, min_count = 4;
        }
    }
}

Figure 5. Linux function in common with two functions in FreeBSD

The first function is from Linux, the other two are clones of it
found in FreeBSD. Rendered in Safari 5.



might bear some similarity to one another. In this case the

question to be asked is, “is there any evidence of structural

similarity in the functional code used to implement these

outwardly similar systems?”.

For this experiment, we loosened the clone definition by

asking NiCad to use blind renaming (i.e., every identifier

is mapped to X), again with normalization of consistent

compound blocks for if, do, else, for and while, and with

a 30% near-miss threshold. Figure 6 shows the result of

running NiCad to find cross-system clones using these more

aggressive settings. The first thing to notice is that there is

much more visible evidence of widespread cloning between

the systems, although still at an overall low level (the amount

of colour evident in the live scatterplot is actually deceptive

since colour points have been enhanced to ten times their

real size for visibility in printed form). When naming is

ignored and bracketing is normalized, at the 30% near-miss

level NiCad reports that 6,123 of the 244,336 functions in

Linux (2.5%) are similar to at least one function in FreeBSD,

and conversely 3,059 of the 55,385 functions in FreeBSD

(5.5%) have at least one clone in Linux.

While there are many interesting features to explore in

the scatterplot in Figure 6, three features draw particular

attention: the thin vertical line highlighted in the center of

the plot, and the two thin horizontal lines near the bottom of

the plot. The vertical pattern indicates a set of function struc-

tures in common with a particular subsystem of Linux that

are spread widely across the FreeBSD source directories,

whereas the horizontal patterns indicate function structures

in common with particular subsystems of FreeBSD that

are spread widely across the Linux source. Each of these

patterns has many red cells, indicating a high level of clone

density.

Using the live scatterplot we can again do some detailed

exploration of which subsystems are involved in these pat-

terns by hovering over them (Figure 6). In the case of the

vertical pattern, all of the structurally similar functions are

localized to the drivers/net/appletalk/ subsystem of Linux,

the implementation of Apple’s legacy AppleTalk networking

protocol. In FreeBSD, the structurally similar functions to

those in this subsystem are broadly spread, but almost all

in the dev/ subsystem, across various device drivers. This

is interesting in that it is possibly evidence of different

localization criteria used in the source organizations of the

two systems, with the AppleTalk protocol logic isolated into

a subdirectory in Linux, and similar logic scattered among

the device drivers of FreeBSD.

Hovering over the uppermost of the two horizontal lines

near the bottom of the plot reveals that these are clustered

around the isa/ subsystem of FreeBSD, the legacy Industry

Standard Architecture (ISA) bus driver logic and associated

devices. As we can see, the structurally similar function logic

in Linux is spread widely over the system, mostly in the

drivers/ and kernel/ subsystems. This may again be an indi-

cation of differences in source code organization between the

two systems. The lower horizontal line of similar functions is

much less dense (i.e., less red) but still a clear feature of the

plot. Hovering over it reveals that it is mostly associated with

the net80211/ subdirectory of the FreeBSD source, which

houses the 802.11 (wireless networking) logic of FreeBSD,

and again we see that structurally similar functions appear

throughout the drivers/ and kernel/ subsystems of Linux,

possibly indicating that networking logic is spread more

widely in the Linux source code structure.

VI. EXPERIMENT 4: FUNCTION VS. TOKEN-SEQUENCE

OVERALL SIMILARITY

In our final experiment, we are interested to know if the

observed level of function clones between the current stable

releases of Linux and FreeBSD is consistent with the low

level of cross-system token-sequence clones first observed

by Kamiya et al. in the much smaller earlier versions of

the systems in 2002. There are really two questions here,

although they are difficult to separate without revisiting the

entire Kamiya experiment: “are the levels of function clones

observed between these systems consistent with the levels

of token-sequence clones previously reported?”, and “has

the level of cross-cloning between these systems changed

significantly over the past decade of system source growth?”.

The most similar clone definition we have used to that

defined by Kamiya et al. is the one in Experiment 2 (Section

IV above), with consistent naming and bracket normalization

similar to that used in the CCFinder experiment. As in

Kamiya’s 2002 experiment, name differences are simplified,

and if, do, else, for and while statements are normalized

to compound blocks to correct for differences in bracketing

style. Other normalizations described by Kamiya, such as

removal of initialization lists, are handled by a combination

of pretty-printing (e.g., initializations are pretty-printed to

one long line) and near-miss matching. The minimum size

of cross-system clones in Experiment 2 is set to five pretty-

printed lines, roughly equivalent to the 20 normalized tokens

used as the minimum in the 2002 CCFinder experiment.

To compare these results directly with Kamiya et al.’s

study, we must count clone pairs rather than cloned func-

tions, since their results report on the basis of clone pair

coverage. However, NiCad reports 4,984 clone pairs between

functions in Linux and FreeBSD at the 30% near-miss

level with consistent renaming and normalized bracketing,

significantly higher than the 1,091 clone pairs reported by

Kamiya, which given the relative growth of the systems by

a factor of three (for FreeBSD) to four (for Linux) over the

intervening decade, might predict a current level of about

3.5 x 1,091 = 3,818 clone pairs, assuming cloning levels

have remained consistent over the years. Since CCFinder

was detecting token-sequence clones in any context, not just

those limited to whole functions, we might actually have

expected to see a higher level of cloning than that reported



Figure 6. Raw Live Scatterplot of Linux (X axis) vs FreeBSD (Y axis) blind renamed and normalized function clones at the 0.3 near-miss threshold

Rendered on a black background with colour cells magnified to ten times normal relative size to make them more visible at this scale.
While many interesting features are visible, three particular regions with broadly distributed cross-cloning are highlighted.

by NiCad at the function granularity rather than lower. This

may be an indication that cloning in these systems has in

fact increased with the continued growth of the open-source

movement.

The CCFinder main results were reported in terms of

file and line coverage of the clone pairs, and we can also

compare on that basis. Table I shows the results of converting

the function clone pairs observed in Experiment 2 to the

numbers of original source code lines and source files that

they cover in each system. As we can see, the observed

coverage of source files by function clones detected in

our experiment is significantly higher than the coverage

originally observed by Kamiya et al., by a factor of about

four in the case of FreeBSD and two in the case of Linux.

This is consistent with our hypothesis above that cross-

cloning between the systems has increased over the years.

In the case of lines of code coverage, however, we see

a different picture. While the proportion of lines of source

code of FreeBSD covered by our function cross-clones in

Experiment 2 is about double the proportion covered by

those reported by CCFinder in 2002, the proportion of lines

of code in Linux covered by the function cross-clones is only

about half of that previously observed for token sequences.

While it’s not completely clear what this may indicate, it is

definitely the case that the majority of function cross-clones

detected are at ten lines or fewer, so many small clones are

involved in the results. Since Linux is such a very large

system, this fact may simply be more visible at the source

lines level than at the overall function or file level in Linux

than in FreeBSD.

While it is not a similar clone definition, if we were to

compare to the more aggressive structural similarity results

of Experiment 3 (Section V) to the original CCFinder results,

the number and proportion of files and lines covered by the

reported function clones is overwhelmingly larger than that

reported in 2002, covering more than 27% of the files and

9% of the source lines in FreeBSD, and 20% of the files

and 2.5% of the lines in Linux.

VII. THREATS TO VALIDITY

There are a number of assumptions we have made in

this study. In Experiment 1, we modelled the borrowing or

sharing of common code as near-miss exact clones (those

that are identical when comments and spacing is ignored,

except for small percentage of lines, in this case up to 30%).

While we have high confidence that such code has been

copied from a common source, we do not know for certain.

In Experiment 2, we modelled the use of published ex-

amples, templates and algorithms as near-miss consistently

renamed clones at function granularity. We have assumed

that a near-miss threshold of 30% allows for adaptation

of the algorithm to its environment; this may be too little

(or too much). We have also assumed that such copied

algorithms normally appear as a whole function, which is

not necessarily the case.

Experiment 3 uses near-miss blind renamed function

clones as a surrogate for structural similarity of code. While

this seems a valid model, it does report many trivial cases

where the content of the function is simply a sequence of

calls to other functions, without any real logic involved. It



>= 5 line 
function

LinuxFreeBSD

>= 5 line 
function

0.56%

8.45%

1.76%

14.03%

0.9%

4.6%

>= 20 token 
sequence

>= 20 token 
sequence

0.8%

3.1%

CCFinder 2002 NiCad 2011NiCad 2011CCFinder 2002

Granularity

Files

Source lines

Table I
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SOURCE LINES USING CCFINDER [19] (TOKEN SEQUENCES, 2002) AND NICAD [15] (FUNCTIONS, 2011)

might have been better to filter these out since they have no

real internal structure.

Experiment 4 is attempting to compare apples with or-

anges, and makes a number of assumptions. Because we

are intentionally comparing a non-structural technique with

a syntactic structure technique, the parameters are quite

different and the methods are looking for clones of quite

different granularities. We have tried to mitigate this by

choosing the most comparable settings for NiCad, with

roughly the same normalization as CCFinder, roughly the

same minimum clone size, roughly the same near-miss

threshold for gaps, and the same strategy of not reporting

clones embedded in larger clones.

Differences in clone granularity (token sequence vs. func-

tion) and gap granularity (tokens vs. lines) can of course

be expected to give quite different results. Nevertheless,

the reported results showing a larger percentage of cloned

code across the two systems using a more restrictive (struc-

tural) clone definition give a strong indication that there is

currently a significantly greater proportion of cloned code

between FreeBSD and Linux than there was in 2002.

VIII. RELATED WORK

While the original Kamiya et al. study [19] is the best

known cross-system clone analysis for Linux and FreeBSD,

many other studies of cloning in these systems have been

done over the years. Yu et al. [20] have since studied cross-

system clones between Linux versions 2.1.114 and 2.4.20

vs. FreeBSD 3.0 and 5.0 respectively, concentrating on the

co-evolution of clones. Li et al. [12] studied both Linux

and FreeBSD using CP-Miner, relating bugs to copy-paste

cloning in each, although they did not look at cross-system

clones. German et al. [7] recently studied copy-paste cross-

cloning between Linux, FreeBSD and OpenBSD, analyzing

the legal and technical implications.

There are too many individual clone studies of each of

Linux and FreeBSD to mention. One of the earliest studies

of cloning in the Linux kernel was by Godfrey et al. [8]

who observed that Linux was growing at a super-linear rate.

Based on the relation between its size then (2 million lines)

and its size now (over 10 million lines), it seems that is

still true. Antoniol et al. [2] used a metrics-based method to

analyze Linux release 2.4.0 for duplicated code, concluding

as we have again observed that the proportion of code

affected is not large. They extended their analysis to clone

evolution shortly thereafter [3], concluding that the level of

cloning was relatively stable over several releases (2.4.0 -

2.4.18), which is not what we have observed over a longer

term. Livieri et al. [14] revisited clone evolution in Linux in

2007 using a distributed version of CCFinder (D-CCFinder

[13]) and heat maps to visualize clone coverage. Chang et

al. [4] used multiple versions of FreeBSD as a target for

their recent evaluation of code clone detection methods.

Roy and Cordy [16] have previously used NiCad to study

function and block clones in a range of open source systems,

including Linux 2.6.24. Jiang and Hassan [10] used Linux

versions 1.0 to 2.6.16 as the target of their data mining-based

framework for clone understanding, and demonstrated that

the level of internal cloning in Linux has grown enormously

over the years. Deckard [9] is another parser-based clone

detection method that has been used to analyze clones in

the Linux kernel, using Euclidean vectors to characterize

parse subtrees for comparison, whereas NiCad uses pretty-

printed text lines. Kapser and Godfrey [11] have related

token-sequence clones and function clones directly using

their CICS visualizer to help categorize clones detected by

CCFinder, and demonstrated their work on the file subsystem

of Linux.

In terms of other kinds of cross-system studies, Livieri et

al. also used D-CCFinder [13] to conduct an extensive cross-

system clone analysis of many systems, including FreeBSD

and Linux, to yield clone scatterplots across many systems

at once. Al-Ekram et al. [1] undertook an extensive study of

cross-cloning across a range of editors and window manager

systems written in C, observing (as we also observed for

Linux and FreeBSD in this paper) that “true” copies between

systems seem to be unusual, whereas similar algorithms

(“accidental clones”) are much more common.

This study is to our knowledge the first to use a parser-

based language-sensitive method to study cross-system

clones, and the only study to compare results for cross-

system near-miss clones at all three of the copy-paste,

algorithmic and structural levels. It is the first to use live

scatterplots to assist in detailed analysis of clone sources,

and far as we are aware, the first to revisit a previous cross-

clone experiment after a decade of evolution of the systems

involved.



IX. CONCLUSIONS

In this work we have revisited the cross-cloning relation-

ship between Linux and FreeBSD almost a decade after

the original CCFinder study. In the interim these systems

have grown in source code size by a factor of three to

four times. Using incremental clone detection to efficiently

find cross-system clones, we looked for evidence of three

different kinds of cloning activity: cut-and-paste direct use

of unchanged common code, common reuse of published

algorithms or code templates, and structural similarity of

functional code. In each case we used live scatterplots to

quickly explore the nature of the similarities and expose

possible sources. Finally, we compared our parser-based

function clone results with the original token-sequence clone

results reported by Kamiya et al. in 2002, and observed some

evidence of a higher level of cross-cloning in the current

stable versions of Linux and FreeBSD than previously

observed. In our continuing work we are using incremental

clone detection and live scatterplots in other ways, including

exploring the evolution of functions in large scale systems.
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[9] L. Jiang, G. Misherghi, Z. Su and S. Glondu, “DECKARD:
Scalable and accurate tree-based detection of code clones”, In
Proc. Intl. Conf. on Software Eng., pp. 96-105, 2007.

[10] Z.M. Jiang and A. Hassan, “A framework for studying clones
in large scale software systems”, In Proc. Intl. Workshop on
Source Code Analysis and Manipulation, pp. 203-212, Paris,
France, 2007.

[11] C. Kapser and M.W. Godfrey, “Aiding comprehension of
cloning through categorization”, In Intl. Workshop on Prin-
ciples of Software Evolution, pp. 85-94, Kyoto, Japan, 2004.

[12] Z. Li, S. Lu, S. Myagmar and Y. Zhou, “CP-Miner: Finding
copy-paste and related bugs in large-scale software code”,
IEEE Trans. Softw. Eng. 32:3, pp. 176-192, March 2006.

[13] S. Livieri, Y. Higo, M. Matushita and K. Inoue, “Very-Large
Scale Code Clone Analysis and Visualization of Open Source”,
In Proc. Intl. Conf. on Software Eng., pp. 106-115, 2007.

[14] S. Livieri, Y. Higo, M. Matsushita and K. Inoue, “Analysis
of the Linux Kernel Evolution Using Code Clone Coverage”,
In Proc. Intl. Workshop on Mining Software Repositories, pp.
22-1-22-4, 2007.

[15] C.K. Roy and J.R. Cordy, “NICAD: Accurate Detection
of Near-miss Intentional Clones using flexible pretty-printing
and code normalization”, In Proc. Intl. Conf. on Program
Comprehension, pp. 172-181, Amsterdam, Netherlands, June
2008.

[16] C.K. Roy and J.R. Cordy, “An Empirical Study of Function
Clones in Open Source Software”, In Proc. Working Conf. on
Reverse Engineering, pp. 81-90, Antwerp, Belgium, 2008.

[17] C.K. Roy and J.R. Cordy, “A mutation / injection-based auto-
matic framework for evaluating code clone detection tools”, In
Proc. Mutation 2009, pp. 157-166, Denver, USA, April 2009.

[18] C.K Roy, J.R. Cordy and R. Koschke, “Comparison and
evaluation of code clone detection techniques and tools: A
qualitative approach”, Sci. Comput. Program. 74:7, pp. 470-
495, May 2009.

[19] T. Kamiya, S. Kusumoto and K. Inoue. “CCFinder: a mul-
tilinguistic token-based code clone detection system for large
scale source code”, IEEE Trans. Softw. Eng. 28:7, 654-670,
July 2002.

[20] L. Yu, S. Ramaswamy and J. Bush, “Symbiosis and Software
Evolvability”, IT Professional 10:4, pp. 56-62, July-Aug. 2008.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


